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Relationship to Analog Decoding

@ Biological systems are inherently noisy.

@ There is no global clock inside of a cell.

@ Signals are analog.

@ Coding theory and analysis is necessary to improve behavior.
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Synthetic Biology

@ Increasing number of labs are designing more ambitious and mission
critical synthetic biology projects.
@ These projects construct synthetic genetic circuits from DNA.

@ These synthetic genetic circuits can potentially:
@ Help us better understand how microorganisms function by examining
differences in vivo compared to in silico (Sprinzak/Elowitz).
@ Result in more ef cient pathways for the production of antimalari al drugs
(Dae et al.).
o Develop bacteria that metabolize toxic chemicals (Brazil et al.).
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Genetic Oscillator

@ Elowitz/Leibler (2000)
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Genetic NAND
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Genetic NAND
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Genetic NAND
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Genetic Toggle Switch

@ Gardner et al. (2000)
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Genetic Toggle Switch

@ Gardner et al. (2000)
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Genetic Toggle Switch

@ Gardner et al. (2000)
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Genetic Toggle Switch

@ Gardner et al. (2000)
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Genetic Toggle Switch

@ Gardner et al. (2000)
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Genetic Toggle Switch

@ Gardner et al. (2000)
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Genetic Toggle Switch

@ Gardner et al. (2000)
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Equality Gate

@ Standard component in asynchronous circuit design.

@ Two inputs and one latched output. The output is driven high when both
the inputs are high, and is driven low when both the inputs are low.
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Genetic Equality Gate
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Genetic Equality Gate
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Genetic Equality Gate
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Genetic Equality Gate
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Genetic Equality Gate
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Genetic Equality Gate
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ODE Analysis: Nullclines
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ODE Analysis: Nullclines

Toggle, Inputs Mixed
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ODE Analysis: Nullclines
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ODE Analysis: Nullclines
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Stochastic Simulation: State Change from High to Low

Toggle, Inputs Mixed
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Stochastic Simulation: State Change from High to Low
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Stochastic Simulation: State Change from Low to High
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Stochastic Simulation: State Change from Low to High
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Application: Background

Anderson et al. is designing bacteria that can hunt and kill tumors. Three
invasion signals have been tested:

@ An inducible signal using sugars (arabinose).
@ An environmental signal using hypoxic conditions.

@ A density dependent signal using lux quorum sensing circuit.
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Application: Simulation

Each bacteria uses equality gate used to determine whether to start invasion
of tumor cells.

@ Bacteria activate when it detects the environmental trigger.

@ Activated bacteria signals its neighbors to reach consensus.

@ Signal accumulates in environment and removed through diffusion.
@ Detection of environmental signal is noisy.

@ Bacteria behave unreliably, has rate of switching state.
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Application: Results

Probability of Equality gate stimuli, E=0.005000
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Application: Results
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Application: Results

Probability of Equality gate stimuli, E=0.000000
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Conclusions and Future Work

@ Equality gate has the same function as the Muller C-element.
@ Noise necessary for correct functioning of equality gate.

@ Validate models by building a functioning genetic equality gate.
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